Abstract
Introduction

59
Spontaneous respiration has important beneficial effects on circulatory homeostasis (26, 32), 60 aside from its vital role in gas exchange and acid-base balance (33). Importantly, favorable 61 effects on the circulation by spontaneous respiration have been demonstrated in both patients 62 and healthy individuals (36, 45). The negative intrathoracic pressure generated during 63 inspiration enhances venous return and increases cardiac preload, stroke volume (SV), and 64 cardiac output (CO) (8, 41, 46). During severe dehydration or acute hypovolemia due to 65 hemorrhage, preserving spontaneous respiration can delay hemodynamic decompensation (32) .
66
In a randomized study, paced slow breathing of 6 breaths per minute with increased tidal 67 volumes (VT) resulted in improved tolerance to orthostatic stress induced by head-up tilt and 68 lower body negative pressure, compared to spontaneous breathing with a mean respiratory rate ventilation is thus an additional challenge for already hemodynamically compromised patients.
102
In a clinical setting, the anaesthetic agents necessary to make the patient accept orotracheal HR and SV and internal carotid artery blood flow respectively in the previous studies.
131
Descriptive statistics were however reported for SV estimates separately for these datasets.
132
None of the subjects had any cardiovascular or respiratory disorder or any other known 
Experimental protocol
140
The subjects visited the laboratory twice before the experimental day. During these visits they 141 were acclimatized to the laboratory and practiced using the non-invasive ventilator. On the 142 experimental day before the beginning of the experiment, the subjects rested supine for a few VT are presented in Table 1 .
159
The experimental protocol started with a baseline recording of ten minutes. Immediately after Figure   165 1 shows one sequence of the experimental states.
166
The LBNP was terminated if the subject experienced any presyncopal symptoms (dizziness, 167 nausea, vision loss) or signs (reduction of mean arterial blood pressure >15 mmHg or increase 168 in heart rate to >120 beats per minute).
169
Instrumentation and Recordings
170
Respiratory movements were registered using a belt around the upper abdomen (Respiration analyses. All data were resampled at 4 Hz and beat-to-beat CO was calculated from SV and HR.
188
The total peripheral resistance (TPR) was calculated from MAP divided by CO. Medians were 189 calculated along 2-minute intervals of continuous, technically successful recordings. 
Results
208
Thirty-one of the 37 subjects (fourteen females, median age 22 years (range: 19-30)) completed 209 the protocol without any subjective discomfort or other termination criteria. Three females were 210 excluded due to technical problems (one subject), pre-syncope immediately at induction of 211 LBNP (one subject), and frequent extrasystoles invalidating Finometer measurements (one 212 subject). The last three excluded subjects (one male and two females) were unable to tolerate Table 2 . (Table 2) .
223
Effect of LBNP and NIV on cardiovascular variables
224
Employing NIV during normovolemia did not alter SV (-0.6% corresponding to -0.5 ml (- to -5.8 ml (-10%, -6.1%, p<0.001) and an additional increase in HR by 5% (+2%, +6%, 232 p<0.001) compared to values observed during LBNP alone. Again, the HR increase did not 233 fully compensate for the reduced SV, causing CO to decrease by an additional 3.3% (-7.5%, -234 2%, p=0.001). Overall, the combined challenge of LBNP and NIV resulted in a large reduction 235 in SV (-26% corresponding to -23 ml (-29.5%, -22.7%, p<0.001) and in CO (-13.2% (-17.8%,
236
-12%, p<0.001) compared to baseline (Figure 2 ).
237
Friedman test for related samples confirmed that SV was different among the experimental 238 states (p<0.0001).
239
MAP increased by 4% (+3%, +6%) from baseline to LBNP (p<0.001) due to an increase in 240 TPR, but did not change further from LBNP alone to LBNP + NIV (Table 2) .
241
Effect of LBNP and NIV on PETCO2
242
PETCO2 as expected decreased slightly with the use of control-mode NIV, both during 
315
In ICU patients, supported rather than controlled ventilator modes are generally aimed for. In our study, LBNP of -30 mmHg generated an 18.3% decrease in SV and a 9.4% decrease in 333 CO, similar to previous studies (16, 19) . Combined with NIV however, LBNP decreased SV 334 by 26% and CO by 13.2%. Thus, even the modest use of the respiratory pump observed during 335 hypovolemia in our experimental setting was able to attenuate the reduction in SV by 30%, Table 2 ). The addition of NIV to LBNP further increased HR. However, with or without NIV, 345 the HR increase did not fully compensate for the induced hypovolemia, and CO remained 346 reduced. Our subjects did not however experience any presyncopal symptoms.
347
Methodological considerations
348
SV and CO measurements were obtained from non-invasive finger arterial pressure by 
357
The results of this study could be expanded by progressively increasing the degree of LBNP to 
Conclusion
363
We quantified the contribution of the respiratory pump to the preservation of SV during 
